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SUMMARY
1. The scrub cows that came to the station when young (four 
years of age) increased steadily in production up to the fourth 
lactation period a fte r their arrival.
2. The scrub cows that came to the station when m ature did 
not increase in production after the first year.
3. The scrub heifers developed at the station showed larger 
production than did the scrub cows arriv ing at four years of 
age or over.
4. The heifers sired by a scrub bull showed no greater in­
crease in production over their dams than would be accounted 
for by improved environmental conditions.
5. The daughters of all except one pure bred bull have proved 
to be larger producers than their scrub dams.
G. The second generation grades showed larger production 
than  did their dams or granddams.
7. In  persistency of milk production the first generation 
grades were interm ediate between the scrubs and the pure bred 
cows in the herd while the second generation grades approx­
imated the pure breds.
8. In  total feed requirements for milk production the second 
generation grades were the most economical, followed by the first 
generation grades, while the scrub cows proved to be the least 
economical.
9. The grade cows in general showed the conformational 
characteristics of the breed whose blood they carried.
10. The variation in the ability of sires of the same breed to 
transm it dairy qualities to their offspring was clearly demon­
strated.
11. The variation in producing ability between animals of the 
same breeding may be marked.
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Influence of Environment and Breeding in Increas­
ing Dairy Production—II*
By A. C. M cOa x d ij s h , L. S. G il l e t t e , and  H. II. K ild ee  
INTRODUCTION
D uring the past ten years an investigation which has been in 
progress at the Iowa A gricultural Experim ent Station gives 
direct support to the belief th a t a good producing and highly 
profitable dairy herd may be built up from a foundation of com­
mon cows if the proper methods of breeding, feeding, and man­
agement obtain. The offspring resulting from mating a good 
pure bred dairy sire with common cows, if given generous care, 
will show greater production in both milk and b u tte rfa t than 
will their dams. The results of this investigation, herein pre­
sented in only a prelim inary way, will be treated more con­
clusively in a subsequent publication.
Owing to the present increasing demand for dairy products, 
due to a wider dissemination of knowledge concerning their 
food value, as well as to the shortage occasioned by the abnor­
mal conditions confronting the dairy industry, investigations of 
this character, which tend to point out practical means of in­
creasing both the productivity of the common cow and her off­
spring, are highly important. According to government re­
ports, there are in the United States over 23,000,000 so-called 
dairy  animals, the average production of which is less than half 
that secured where proper methods of selection, breeding, and 
feeding are followed. To increase the feeding capacity of our 
present herds, to stimulate the breeding of better cows, and to 
fu rth e r the selection of profitable cows is a goal worthy of the 
best efforts of the dairy farm er. Any information that will af­
ford guidance to him in the building up of his dairy herd,from  
this foundation of common cows is of immediate value and fa r 
reaching importance.
Owing to the large amount of capital required, only a small 
percentage of the dairy farm ers will have pure bred herds, and, 
consequently, the greater p a rt of the dairy products of the coun­
try  come from grade cows. Many farm ers with common cattle 
are desirous of improving the milking qualities of their herds
* T h is  w o rk  w as begun  in 1907 b y  an d  co n tin u ed  u n d e r  th e  d irec tio n  of 
H. G. V an  P e lt  u n til h is re s ig n a tio n  in 1909, an d  th e n  u n d e r th e  d irec tio n  of 
Ar L e itch . S ince S ep tem ber, 1910, th e  a u th o rs  h av e  been  in charge .
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and really entering the dairy business. Their problem is to de­
cide which method of en try  is the better, “ buying in ,”  or “ grow­
ing in. ’ ’ Everyone knows that a good dairy herd can be bought, 
but many have found that this method is not only expensive, if 
really good cows are secured, but also hazardous, due to the 
liability of introducing disease. Many also buy up a herd before 
they learn from experience that proper feed and management 
must be given to the animals.
The question of greatest importance and one frequently asked 
is, ‘ ‘ Can such a herd be produced from a foundation of common 
cows where the initial expense is the price of a  good pure bred 
dairy  sire?”  I t is im portant tha t this question be answered sat­
isfactorily and with assurance of final success and also of a rea­
sonable income from the heifers resulting from the m ating with 
the first pure bred sire, before many farm ers will attem pt to 
build up efficient and economical dairy herds, using as the foun­
dation, the cows they already own.
R E V I E W  OF LITERATURE
The first y ea r’s work of any cooperative cow testing associa­
tion clearly demonstrates that the low average production pre­
vailing is due to both poor feeding and inferior cows. I t  is 
hard, however, to determine the relative importance of im­
proved feeding and management compared with the influence 
of the introduction of ‘'d a iry  blood”  through the continued 
use of pure bred dairy sires. Then, too, inform ation from the 
experiment stations showing the influence of these factors is very 
limited.
W ith a herd that had previously been poorly fed. W ing (5) 
found tha t an abundant ration, easily digestible and rather ni­
trogenous in character, provided during two years, resulted in 
an average increase of about 50 percent in total yield of milk 
and butterfat. The basis taken for the determination of the in­
crease was the production of these cows on the owner’s farm  
during the year preceding and the year following their use at 
the station.
At the M aryland Station (1) ten cows of not over average 
production were kept under good conditions for several years. 
The records of the first year were taken as a standard with which 
to compare fu tu re performance and it was found tha t nine out 
of the ten cows increased in production afte r the first year.
Somewhat similar results in showing the residual and develop­
mental effects of improved feeding were secured a t the Cornell 
Station (4). A herd of sixteen grade and pure bred dairy 
cows, which had never before received grain, were divided into 
two equal lots, and only one of these received a grain supple­
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ment during the pasturing season. The grain fed lot produced 
27 percent more milk during the season than did the lot receiving 
no supplement. In  the following pastoral season six cows of 
each lot remained and though all were treated alike the cows 
which had received grain during the previous season produced 
16 percent more milk than did the check lot. The increase in 
production was attributed to the grain fed the previous year 
and was especially noticeable in the younger animals.
D ata showing the influence of the sire on the production of a 
pure bred herd have been obtained at the Missouri Station (2), 
where during a period of eighteen years, with the system of 
feeding and management remaining fairly  constant, the records 
of the daughters of six Jersey hulls were compared with the 
records of their dams. It was found that the average produc­
tion of the four daughters of the poorest sire for twenty-six lac­
tation periods was 19 percent less milk and 8 percent less fat 
than the average production of their dams for twenty-three lac­
tation periods; while the average production of the three daugh­
ters of the best bull for fifteen lactation periods was 68 percent 
more milk and 61 percent more fat than the average production 
of their dams for fourteen lactation periods. This demonstrates 
the variation in the abilities of bulls to transm it dairy qualities, 
and emphasizes the fact that the selection of a sire to head a 
herd of pure bred dairy cattle is an im portant problem.
A prelim inary report from the Iowa Station (3) showed some 
of the advantages accruing to the dairy herd as a result of im­
proved feeding and the use of pure bred dairy sires. Four-year- 
old scrub cows that had previously been poorly fed readily re­
sponded to improved care and feed and scrub heifers raised on 
the farm  under favorable conditions produced considerably more 
than  did their dams. Grade heifers from these scrub cows and 
by pure bred dairy  sires showed a remarkable increase in pro­
duction when compared with their dams. The results of a di­
gestion tria l with scrub and grade ealvcs were also given. I t 
was demonstrated that there was no appreciable difference in 
the digestive powers of the two classes of animals and conse­
quently it was unlikely that digestive discrepancies were re­
sponsible for the variations in producing ability which ultim ately 
became apparent.
OBJECTS OF THIS INVESTIGATION
In  this investigation it is attem pted to determine the influence 
of pure bred dairy  sires in increasing the production from a 
foundation of scrub cows as well as the effect of improved feed­
ing and management. In order that other influencing factors 
might be brought to a minimum, scrub cows from an isolated
7
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region of Arkansas were selected for the basis of this work in 
1907. The work is still in progress and the data presented in this 
publication are in the form of a prelim inary report, taking all 
records completed up  to August 3, 1918. Most of the daugh­
ters of the scrub cows arc not m ature and many of the heifers 
carrying 75 percent of the blood of a recognized dairy breed are 
of milking age.
The objects of this work may be briefly stated as follows:
1. To determine the effccts of improved feeding and care and 
whether or not there would be an increase in production in the 
second and succeeding years due to the residual and continued ef­
fects of improved feed and the development of the digestive and 
mammary systems.
2. To compare the records of heifers sired by a scrub bull 
with the records of their dams.
3. To find the influence of pure bred dairy sires in determin­
ing the milk and bu tterfa t production of their grade daugh­
ters.
4. To test the transm itting ability of different pure bred sires 
within a breed.
5. To note the individual variation between animals of the 
same or similar breeding.
6. To study the amount of feed required by scrub, half-blood, 
and three-quartcr-blood cows, for milk production.
AXIMALS I SED
In  the summer of 1907 there were purchased in an isolated 
region of Arkansas seven cows, four yearling heifers, two heifer 
calves and a young bull. These animals were very inferior in­
dividuals, being small, of exceptionally limited abdominal, udder, 
and mammary vein development, and exceedingly unprepossess­
ing as fa r as quality and top lines were concerned. Available 
records showed that no pure bred bulls had previously been 
used in that section of the state. The environment was not 
suited to the stimulation of heavy milk production as the cattle 
received little, if any, grain or concentrates, being forced to 
subsist on the ra ther scanty supply of grass and hay available.
No attention had been paid to the amount or quality of milk 
produced by these animals or to the length of lactation periods. 
The sole function of the cows had been to supply enough milk 
for family use and to raise their calves until they were able to 
forage for themselves.
PLAN OF INVESTIGATION
The scrub cows and their calves were given the same care, 
feed and shelter as the pure bred dairy  cattle in the College
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T A B L E  I. P R IC E  O F  F E E D S
F eed P ric e  p e r  to n
$55
25
20
10
5
5 p e r  season  of 165 d ay s
herd. This environment lias remained fairly  constant during the 
ten years’ work.
The milk from each cow was weighed each milking and a 
composite sample taken from which the percentage of fat was de­
term ined every seventh day. D uring the past seven years the 
cows have been weighed weekly so that it has been possible to 
feed what was required for milk production and body main­
tenance.
The concentrates in the ration were weighed out daily to 
each cow producing milk. Amounts of silage, soiling, and hay 
were estimated from occasional weighings. The price of these 
feeds as used in the computations is given in Table I.
Some of the cows were in calf to a scrub bull when they 
reached the farm  and one of them dropped a heifer calf which 
was la ter used in the experiment. As previously noted there 
were two young heifer calves in the group when they arrived. 
P ure bred sires of the Guernsey, Holstein, and Jersey breeds 
were used on these sc m b cows and all heifer calves grown out 
under the same conditions as were the pure bred calves on the 
farm.
Some of the scrub cows dropped bull calves every year as long 
as they were in the herd, thus the number of heifers for use in 
this work has been limited. The bull calves have been killed or 
vealed. The only ones saved were by the scrub bull brought with 
the cows and used one year; and these calves were used in a 
feeding test previously reported. Heifers by pure bred sires 
were bred to other pure bred sires of the same breed and the 
heifer calves resulting from this union were also kept for dairy 
purposes. A few heifers carrying 8 7 of the blood of recog­
nized dairy breeds are now in the herd but no records of their 
production are available.
The records used in comparing the scrub, half-blood, and 
three-quarter blood cows are all on the m ature basis. I f  a 
heifer has only one record, it is calculated to the m ature basis; 
where more records are available, then they are placed on the 
m ature basis and the average of the records secured. F or com­
puting the record on the m ature basis, the following percentages 
secured a t this station from a study of the records of 10.000 
cows were used.
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T A B L E  II. P E R C E N T A G E  O F M A TU R E  PR O D U C TIO N  E X P E C T E D  OF
H E IF E R S
Ag-e 7c
70
80
85
F o u r-y e a r-o ld s  ................................................................................................................... 95
DISCI SSION OF IiESULTS
The results which have been secured during the ten years that 
this experiment has been in progress have a very pertinent bear­
ing upon dairy  farm  practice. The factors studied and herein 
noted are of such a varied character to necessitate presenting the 
m aterial relative to each individual factor separately. In  pre­
senting this discussion the relative influence of environment has 
first been studied since it lies within the province of every dairy 
farm er to alter favorably the environment surrounding his herd. 
The influence of breeding and allied factors in their relation to 
total production, amount of feed required per un it of product, 
improvement of the individuality of the subjects, potency of the 
sires used, and finally, the factor of individual variability in its 
effect upon milk and bu tter fa t production are then considered.
INFLUENCE OF ENVIRONMENT
Of the scrubs tha t were of producing age when they came to 
the station two were four years old and the rest mature. Their 
behavior under improved conditions is of interest.
W hen four years of age these animals produced on the aver­
age 3084.6 pounds of milk and 149.24 pounds of fat and when 
given good care and feed they steadily increased in production 
until a t seven years of age they were producing 4907.7 pounds 
of milk and 229.91 pounds of fat, or 59% more milk and 54% 
more fa t than they did during their first year at the station. An 
increase of only 10 "  in milk and 8 % in fa t yield was expected
T A B L E  III. PR O D U C TIO N  O F COW S T H A T  W E R E  FO U R  Y EA R S OLD 
ON A R R IV A L  A T T H E  STA TIO N
L a c ta tio n
No.
Age
Y ears
A verage P ro d u c tio n In c re ase  in P ro d u c tio n
M ilk
lbs.
j F a t  
I lbs.
]
A ctual E xpec ted
Milk
7r
F a t
%
M ilk
7c
F a t
1 4 30S4. 6 | 149.24o r, 39S4.4 I 17S.97 29 19 D 4
3 6 4618.1 217.79 50 46 8 6
4 7 4907.7 1 229.91 59 54 10 8
a 8 4224.0 1 197.59 37 32 12 9
6 9 1991.3 1 84.76 -35 -43 10 7
7 10 2862.5 1 133.70 -7 -10 9 5
8 11 2296.2 1 93.83 -26 -36 5 1
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Fig-. 1. S crub  Cow 
No. 6 sh o w in g  co n d i­
tion  on a rr iv a l. F ir s t  
y e a r ’s reco rd  a t  S ta ­
tio n  2742.1 lbs. of 
m ilk  a n d  131.04 lbs. of 
fa t.
F ig . 2. S crub  Cow 
No. 6, th re e  y e a rs  l a t ­
er. R ecord  5556.7 lbs. 
of m ilk  an d  244.79 lbs. 
of fa t. In c re a se  over 
f irs t  reco rd  2814.6 lbs. 
of m ilk  an d  113.75 lbs. 
of fa t.
as the result of the m aturing of the animals and consequently 
the greater p a r t of the increase obtained must be attribu ted  to 
environmental factors. From  seven years of age onwards the 
decrease in  production due to advancing age was quite noticeable.
The cows considered here were all m ature when they came to 
the station and from the time of their arrival they decreased in 
production even though getting good care and feed. However, 
it can not be said that good feed made no improvement in their 
case as it is undoubtedly true tha t their records a t the station 
were better than any they previously made under adverse con­
ditions but they were unable to increase during their la ter years 
at the station as advancing age caused a decrease tha t could not 
be prevented by good feed.
W hen comparing the scrub cows that came to the station when 
m ature w ith those that came at four years of age and those that 
came before first freshening, it is found that those coming here
T A B L E  IV. P R O D U C TIO N  O F  COW S T H A T  W E R E  M A TU R E  ON A R ­
R IV A L  A T  T H E  STA TIO N
No. of 
L a c ta tio n
A v erag e  P ro d u c tio n In c re a se  in P ro d u c tio n
M ilk
lbs.
F a t
| lbs.
M ilk
%
F a t
%
1 3790.9 183.84
2 2874.0 133.50 -24 -27
3 2841.1 141.60 -25 -23
11
McCandlish et al.: Influence of environment and breeding in increasing dairy product
Published by Iowa State University Digital Repository, 1919
Fig . 3. S crub  Cow 
No. 53. A verage  p ro ­
d u c tio n  5258.9 lbs. of 
m ilk an d  233.63 lbs. of 
fa t.
F ig . 4. H alf-b lood  
Je rs e y  Cow No. 213 
ou t of S crub  No. 53. 
A verage  p ro d u c t'o n  
4680.2 lbs. of m ilk  and  
248.72 lbs. of fat.
F ig . 5. T h re e -q u a r -  
te r-b lo o d  Je rs e y  No. 
398, o u t of half-b lood  
J e rs e y  No. 213.
at four years of age produced 14% more milk and 8% more fa t 
than did those coming here at m aturity, while those coming as 
heifers produced 27% more milk and 24% more fa t than did 
the older animals. This shows that the younger an animal is 
when subjected to good treatm ent the greater is its response, 
consequently heifers reared under poor conditions cannot be
12
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T A B L E  V. A V E R A G E  PR O D U C TIO N  O F SC R U B  COW S
G roup
No.
of
Cow s
No. of 
L a c ta tio n s
A verage
P ro d u c tio n
In c re a se  in 
P ro d u c tio n
M ilk
lbs.
F a t
lbs.
M ilk
'A
F a t
*;/r
M a tu re  ......................... r> 15 3168.7 153.64
F o u r-y e a r-o ld s  ........ 2 15 3597.7 166.36 14 8
H e ife rs  ......................... 7 28 4036.1 191.21 27 24
expected to give maximum production even with good feeding 
during the milking period.
THE USE OF A SCRUB SIRE
Records of only three cows which were either calves when the 
cattle were originally secured or were dropped on the farm  sub­
sequently and which were sired by a scrub bull, are available. 
W hile this is too limited a number upon which to base any defin­
ite conclusions, certain inferences are evident. The dams of 
these heifers, with one exception, were m ature when brought 
to the College dairy farm, No. 31 alone being a four year old. 
The records of the daughters by a scrub sire as given in table 
V I showed an increase over the production of their dams, aver­
aging in this respect 10r/, in milk and 13% in fat. Considering 
that these heifers were grown out amid favorable surroundings, 
this increase is 110 more than would be expected due to their 
development.
The small average increase is due to the production of No. 31, 
th a t had received the benefits of liberal feeding afte r reaching 
four years of age, being equal in production to that of her daugh­
te r No. 60. In  the case of the m ature cows, however, the in­
crease from 132.28 pounds of fat to 159.35 pounds of fa t 01* the 
equivalent of more than 20r/, denotes what may be expected 
through liberal feeding of heifers before producing age is 
reached.
THE USE OF PUREBRED SIRES
The influence of pure bred sires is shown in two groups; the 
first generation grades are those carrying 5 0 '/ of the blood of 
one of the recognized dairy breeds, and the second generation
T A B L E  VI. TW O  G E N E R A T IO N S  O F SCR U BS C O M PA R ED
D am s D a u g h te rs
In c re a se  in 
P ro d u c tio n
Cow
No.
No. of 
L a c ta ­
tio n s
A verage
P ro d u c tio n Cow
No.
No. of 
L a c ta ­
tio n s
A verage
P ro d u c tio n
M ilk
lbs.
F a t
lbs.
Milk
lbs.
F a t
lbs.
Milk
%
F a t
%
7 3 2366.2 138.20 59 1 3746.9 179.79 58 30
8 3 2339.5 124.35 58 3 3034.5 152.54 30 23
31 7 3463.3 167.95 60 6 3313.2 178.47 -4 6
A ver. 13 2969.3 151.05 ... 10 3273.0 170.83 10 13
13
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grades are those carrying 75% of the blood of one of the breeds. 
Owing to the limited facilities available and the increase in the 
number of grades it will not be possible to secure records of the 
th ird  generation grades, although the records of the first two 
groups, when complete, it is hoped will fully vindicate the dairy 
sire. These results can not in any sense be considered as a com­
parison of the value of bulls representing the different breeds.
The correct method of determ ining the value of a bull is by a 
comparison of the production of his daughters with th a t of their 
dams. Difficulties arise in this, however, as will be pointed out 
later. Though this method is used to show improvement in pro­
duction through the use of sires it can not be used as a method 
of comparing breeds for the simple reason tha t all bulls were 
not m ated with the same cows and so were not given equal op­
portunities to show their abilities as sires of producers.
FIRST GENERATION GRADES
All the first generation grades sired by pure bred Holstein 
bulls showed an increase over their dams in production. The 
increase varied from 38% in fat and 79% in milk to 71% in fat 
and 1 2 1 % in milk, while on the average it was an increase of 
90% in milk and 59% in fa t production.
In  the case of the first generation Guernsey grades an even 
wider variation, due to factors to be considered later, was found. 
I t  varied from a- decrease of 31% in milk and 23% in fat to an 
increase of 107r/( in milk and 112% in fat production. The
T A B L E  V II. F IR S T  G E N E R A T IO N  G R A D ES C O M PA R ED  W IT H  T H E IR
SCR U B DAMS
D am s D a u g h te rs In c re ase  in 
p roduction
Cow
No.
No. of 
L a c ta ­
tio n s
M ilk
lbs.
F a t
lbs.
Cow
No.
No. of 
L a c ta ­
tio n s
M ilk
lbs.
F a t
lbs.
Milk
%
F a t
%
H O L S T E IN S
8 3 | 2339.5 124.35 68 3 5180.0 209.61 121 68
52 7 | 3742.3 169.16 69 5 6700.5 282.11 79 67
56 3 | 3874.6 192.62 77 6 6955.5 266.25 79 38
60 6 | 3313.2 178.47 207 3 6384.9 304.62 93 71
G U E R N SE Y S
6 8 3715.3 164.93 n o 3 3821.1 163.05 3 —1
31 7 3463.3 168.00 28S 1 5905.1 333.86 70 100
33 3 433S.5 1S3.49 87 4 4213.1 179.72 —3 —2
53 7 5258.9 233.63 ISO 3 3639.0 180.53 —31 —23
53 7 5258.9 233.63 253 2 6555.0 321.09 25 37
58 3 3034.5 152.54 175 3 6286.1 322.71 107 112
JE R S E Y S
31 7 | 3463.3 | 16S.00 | 174 | 3 5009.0 263.72 45 57
53 7 1 5258.9 | 233.63 | 213 1 3 4680.2 248.72 —11 6
60 6 | 3313.2 | 178.47 | 241 | 1 6126.4 348.98 85 90
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Fig . 6. S cru b  Cow 
No. 60. A verage  p ro ­
d u c tio n  3313.2 lbs. of 
m ilk  an d  178.47 lbs. of 
fa t.
F ig . 7. H alf-b lood  
Je rs e y  No. 241 o u t of 
S crub  No. 60. A v e r­
ag e  p ro d u c tio n  6126.4 
lbs. of m ilk  an d  348.08 
lbs. of fa t.
F ig . 8. T h re e -q u a r -  
te r-b lo o d  J e rs e y  No. 
348 o u t of h a lf-b lood  
J e rs e y  No. 241.
group of first grade Guernseys contained animals tha t showed 
the greatest increase and also the greatest decrease in fa t pro­
duction from their dams. On the average the increase was 13% 
in milk and 39% in fa t production.
The Jersey grades showed an increase in fa t over their dams
15
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Fig-. 9. S crub  Cow 
No. 33. A verage  p ro ­
d u c tio n  4338.5 lbs. of 
m ilk  an d  183.49 lbs. of 
fa t.
F ig . 10. H alf-b lood  
G uernsey  No. 87 o u t 
of S crub  No. 33. A v e r­
age  p roduction  4213.1 
lbs. of m ilk  a n d  179/. 2 
lbs. of fa t.
F ig . 11. T h re e -q u a r -  
te r-b lo o d  G uernsey  No. 
236, o u t of ha lf-b lood  
G uernsey  No. 87. A v er­
ag e  p ro d u c tio n  6r»s2.6 
lbs. of m ilk  an d  33L.il 
lbs. of fa t.
in every case and an increase in milk in every case but one. 
The variations were from a decrease of 1 1 '/ in milk and an in­
crease of 6% in fa t to an increase of 85% in milk and t)0% in 
fa t production. The average increase was 24% in milk and 
39% in fa t production.
The grades of the first generation when taken as a group 
showed an increase of 30r/  in milk and 35% in fa t production.
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T A B L E  V III. A V E R A G E S FO R  F IR S T  G E N E R A T IO N  G R A D ES A N D  
T H E IR  SC R U B  DAM S
D am s D a u g h te rs In c re ase  in n ro d u c t:on
W
*
03
IS
CC o w
G roup
0
c
«M Oo
w
lb
s.
o
Co
0-5
m.a
lb
s. £
o'
a
d o
X a X X
'A S Cn £ § Cq 1
H o lste in 4 19 3406.2 168.74 4 17 6466.5 267.69 90 59G uernsey 6 35 4277.3 193.55 6 16 4819.1 230.86 13 19
Je rs e y 3 20 4046.7 194.11 3 7 5027.7 269.47 24 39
A verage 13 74 3991.3 187.32 13 40 5555.7 253.27 39 35
SECOND GENERATION GRADES
The uniform ly high production, relatively speaking, of the 
second generation grades or those carrying 75% of the blood of 
a recognized dairy breed is amply shown in table IX . As pre­
viously noted the first generation Guernseys were not as satis­
factory producers as might be expected; however, the three- 
quarter-blood heifers are milking well, the records here given 
indicating an increase of 58^  in milk and 79% in fat over i ho 
production of their scrub ancestors. This showing is t he more 
remarkable when it is recalled that No. 87, the dam of one of 
the three-quarter-blood heifers, was a poorer producing dairy 
cow than her scrub dam. The records of these three-quarter- 
blood Guernseys denote tlieir milking propensities, while others 
fresh, but without a complete lactation period, indicate that this 
average production may l:e fu rther increased.
The second generation Holstein grades average 11,120.7 pounds
T A B L E  IX TW O 3F.X K R A TIO N S O F G R A D ES C O M PA R ED  
T H E IR  SCR U B A N C ESTO R S
W IT H
D am s
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°so o Zf'
A verage
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1st 2nd
g en er­ gen e r­
atio n a tio n
$
* IS
i
a
Ge. s
H O L S T E IN S
7 |3742.3| 169.16| 69| 5 |6700.5|282.11|2S1 
3 j3874.61 192.69; 77| 6 16955.51266.251233
1 | 7771.6 295.111 79
2 112804.2I482.54| 79
67110S| 74 
381230! 150
52
56
G U E R N SE Y S
33
58
3 14338.51 183.491 87| 4 14213.1 179.72|236| 1 | 6582.61331.11|— 3 — 21 521 80
3 13034.51 152.541175) 3 |62S6.11322.71129S| 1 I 5037.5:270.551107 1121 66| 77
JE R S E Y S
31 | 7 |3463.3| 168.0011741 3 15009.0 263.72 245| 1 [ 5411.41287.141 451-571 71
17
McCandlish et al.: Influence of environment and breeding in increasing dairy product
Published by Iowa State University Digital Repository, 1919
T A B L E  X. SUM M ARY O F TW O  G E N E R A T IO N S O F GRA D ES A N D  T H E IR  SCRU B A N C ESTO R S
B reed
D am s D a u g h te rs G ra n d -d a u g h te rs In c re a se  in p roduction
No. of 
cows
No. of 
la c ta ­
tions
A verage
p roduction No. of 
cow s
No. of 
la c ta ­
tio n s
A v erag e
p roduction No. of 
cow s
No. of 
la c ta ­
tio n s
A verage
p roduction
F ir s t
g en e ra tio n
Second
g en e ra tio n
M ilk 1 F a t  
lbs. | lbs.
M ilk 1 F a t  
lbs. | lbs.
M ilk
lbs.
F a t
lbs.
M. 1
% 1
F .
%
M.
%
F.*
%
H olste in 2 10 3782.01 176.22 2 11 16839.61273.46 2 3 11126.7 420.06 81 55 194 138
G uernsey 2 6 3686.51 168.01 2 7 5101.51241.00 2 2 5810.1 300.83 38 43 58 79
Je rs e y i 7 3463.3 168.00 1 3 5009.0|263.72 1 1 5411.4 287.14 45 57 56 71
A verage 5 23 | 3660.2| 171.57 5 21 I5998.7J261.25 5 6 | 8401.9 358.17 64 52 130 | 109
* M—m ilk  F —fa t
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of milk and 420.06 pounds of fat or an increase of 194% in milk 
and 138% in fa t production over their scrub granddams. The 
greater increase in milk production is no doubt due in p art to 
the lower fa t percentage characteristic of Holstein milk. How­
ever, the possibilities of breeding up are clearly indicated here 
where more records are available. Thus fa r  only one three- 
quarters blood Jersey has completed a record, No. 245 produc­
ing 56% more milk and 71% more fa t than her scrub ancestor.
W hen the second generation grades of the three breeds are 
taken together, a sufficient num ber of records are brought to­
gether to afford a more definite basis for determ ining the influ­
ence of a pure bred sire in  increasing milk and fa t production. 
The average production of these cows proves to be 8,401.9 pounds 
of milk, and 358.17 pounds of fa t or an increase in two gener­
ations of 130% in milk and 109% in fat, which is a striking 
tribute to the pure bred sire.
PERSISTENCY OF PRODUCTION
A large flow of milk for a short period does not always indi­
cate profitable production. In  general the animals which have 
a long, well sustained milking period are the most desirable. 
In  C hart I is shown the relative monthly milk production of the 
scrub cows used in this investigation as well as the two genera­
tions of grades descended from them and the pure bred cows 
in  the college herd.
In  constructing this chart the records of 14 scrub cows for 58 
lactation periods, 13 first generation grades for 40 lactation 
periods, 5 second generation grades for 6 lactation periods, and 
71 pure bred cows of varying ages for 160 lactation periods 
were used. The average production of each group during the 
first month of lactation was taken as 100 and the production 
during each succeeding month expressed as a percentage of this.
I t  is evident th a t the scrubs decreased much more rapidly in 
production than did the pure breds, while the first generation 
grades were interm ediate between them. The second genera­
tion grades are not in sufficient numbers as yet to give a good 
curve but it is evident from the records available th a t so fa r as 
persistency is concerned they will be better than the first gen­
eration grades and approximate closely the performance of the 
pure breds.
In  C hart I I  the actual average monthly production of the 
groups used in C hart I  are plotted and the superiority of the 
pure breds and grades over the scrubs is again emphasized.
One of the main reasons for the poor production of the scrubs 
used in  this investigation was their lack of persistence and the 
improvement in  this point brought about by the use of good 
pure bred sires is evident.
19
McCandlish et al.: Influence of environment and breeding in increasing dairy product
Published by Iowa State University Digital Repository, 1919
SO
Fig . 12. S crub  Cow 
No. 58. A verage  p ro ­
d u c tio n  3034.5 lbs. of 
m ilk  an d  152.54 lbs. of 
fa t.
F ig . 13. H alf-b lood  
G uern sey  No. 175, ou t 
of S crub  No. 58. A v er­
ag e  p ro d u c tio n  (5286 1 
lbs. of m ilk  an d  322.71 
lbs. of fa t.
F ig . 14. T h re e -q u a r ­
te r  G uern sey  No. 298, 
o u t of ha lf-b lood  
G uern sey  No. 175. 
A verage  p ro d u c tio n  
5037.5 lbs. of m ilk  and  
270.55 lbs. of fa t.
FEED REQUIREMENTS FOR PRODUCTION
High production is not enough — the average dairym an de­
mands economical production. Feed records were kept during 
the investigation and these aid in determ ining the cost of pro­
duction.
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Fig . 15. S crub  Cow 
No. 56. A v erag e  p ro ­
d u c tio n  3874.6 lbs. of 
m ilk  an d  192.62 lbs. of 
fa t.
F ig . 16. H alf-b lood  
H o lste in  No. 77, o u t of 
S crub  No. 56. A verage  
p ro d u c tio n  6955.5 lbs. 
of m ilk  a n d  266.25 lbs. 
of fa t.
F ig . 17. T h re e -q u a r -  
te r-b lo o d  H o lste in  No. 
233, o u t of ha lf-b lood  
H o lste in  No. 77. A v e r­
ag e  p ro d u c tio n  12804.2 
lbs. of m ilk  an d  482.54 
lbs. of fa t.
W here lactation periods only are considered the three-quarter- 
bloods gave the cheapest milk production, the feed cost being 
$1.99 per 100 pounds. Of the other two groups the scrubs gave 
the cheaper production, but this is due mainly to the fact that 
the records of the half-bloods are all made at early ages, while 
the animals are still growing and the cost of m aturing them is 
really charged to the cost of milk production.
21
McCandlish et al.: Influence of environment and breeding in increasing dairy product
Published by Iowa State University Digital Repository, 1919
8 2
T A B L E  X I. F E E D  R E Q U IR E M E N T S  FO R  PR O D U C TIO N
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5
58
40
6
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LA C T A TIO N  A N D  D R Y  PE R IO D S
S crubs 
F i r s t  g ra d e s  
Second g rad es
14
13
5
111
77
12
22040 207930.219771.071101463149210 
15528 195888.9|8908.64| 91041|97736 
2336 40778.2|1841.17| 16557|18912
55686|278663 
7221|201513 
1824| 38206
86549
163863
31030
11068
7060
1079
Of more importance is the consideration of the total feed cost 
of production where lactation and dry  periods are all included. 
Here it is found that the three-quarter-bloods give cheapest pro­
duction and the half-bloods next, showing that grading up the 
herd th ru  the use of pure bred sires not only gives increased 
production but also lowers the cost of production.
T A B L E  X II. F E E D  R E Q U IR E M E N T  P E R  100 PO U N D S M IL K
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LA C T A TIO N  P E R IO D S
S cru b s  ........................................... 43 18 19 97 34 4 $2.25
F irs t  g ra d e s ................................... 42 40 1 3 1 91 69 3 2.39
Second g ra d e s ............................... 34 36 | 76 53 2 1.99
LA C TA TIO N  A N D  DRY PE R IO D S
49 24 27 133 42 5 2.84
46 50 4 103 84 4 2.77
Second g ra d e s ............................... 41 46 4 94 76 3 2.48
F ig . 18. T h re e -q u a r-  
te r-b lood  H o lste in  Mo. 
282, o u t of ha lf-b lood  
H o lste in  No. 77.
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F ig . 19. S crub  Cow 
No. 60. A verage  p ro ­
du c tio n  3313.2 lbs. of 
m ilk  an d  178.47 lbs. of 
fa t.
F ig . 20. H alf-b lood  
H o lste in  No. 207, ou t 
of S crub  No. 60. A v e r­
ag e  p ro d u c tio n  6384.9 
lbs. of m ilk  an d  304.62 
lbs. of fa t.
F ig . 21. T h re e -q u a r -  
te r-b lo o d  H o lste in  No. 
311 o u t of ha lf-b lood  
H o lste in  No. 207.
CONFORMATIONAL CHARACTERISTICS
Not only did the pure bred sire transm it producing ability to 
the first and second generation grades, bu t he also stamped them 
with the individuality characteristic of the breed, this improve-
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Fig . 22. P u re b re d
G uernsey bull, Imp.
R ouge I I ’s Son.
ment being much more marked in the case of the second genera­
tion grades. From  the accompanying illustrations the improve­
ment in type may be discerned. While the scrub cows were 
generally plain if not poor individuals, the grades show the dairy 
characteristics quite plainly. This improvement can be noted in 
the more apparent mammary development with larger and more 
symmetrical udder, greater capacity of barrel, straightness of 
topline, especially noticeable, over the loin and in the region of 
the rump, in the quality of the animals as indicated by the more 
refined head and horn, thinner neck and finer shoulders, and 
finally, the change due to breed type is quite distinct. I t  will 
also be noted that the color markings of the grades conform 
closely to those characteristic of the breed. Many of the second 
generation grades would be considered uncommonly good repre­
sentatives of the breed, the blood of which, they carry.
POTENCY OF PURE BRED SIRES USED
The pure bred sires used in this experiment were with one 
exception the herd bulls in use at the College dairy farm  where 
pure bred herds of the different breeds are maintained. None 
of these sires were purchased at high prices altho they were well 
bred for type and yearly production. Young bulls of equal 
breeding are available for nominal prices, prices so reasonable 
tha t the man who milks can not afford to use a scrub bull how­
ever cheaply he may be purchased.
The ability of the two Guernsey bulls, tha t were used on the 
scrub cows, to transm it high production to their daughters was 
extremely varied. ‘ ‘ Full wood H opeful’s ’ ’ two daughters averaged 
only 4045.1 pounds of milk, and 172.58 pounds of fa t; while 
their dams produced nearly  as much, or 3885.2 pounds of milk 
and 169.99 pounds of fat. On the other hand, Rouge I I ’s Son 
demonstrated his ability to sire good producing daughters, the
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T A B L E  X III. D A U G H T E R S  O F “FU L L W O O D  H O P E F U L ” C O M PA R ED  
TO T H E IR  SCR U B DAMS
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four averaging 5421.1 pounds of milk and 276.20 pounds of fat, 
while their dams produced 4457.0 pounds of milk and 204.35 
pounds of fat. Thus while he was bred to higher producing 
cows, Rouge I I ’s Son raised the production of his daughters 
over that of their dams 35%, while the increase in the case of 
' '  Full wood H opeful”  was only 2' / .
Furtherm ore, the daughters out of scrub cows and sired by 
‘"Fullwood H opefu l”  did not show the Guernsey characteristics 
while those daughters of Rouge I I ’s Son had the color markings 
as well as the form of a Guernsey. I t is to be regretted that no 
inform ation is available concerning the pure bred daughters of 
“ Fullwood H opefu l”  but he was loaned to the College before the 
College Guernsey herd was established. This instance shows, 
however, that even a pure bred dairy sire should be carefully 
chosen if the results are to be entirely satisfactory.
INDIVIDUALITY AS A FACTOR IX PRODUCTION
It is a well known fact that animals of similar breeding may 
vary widely in conformational characteristics and in production. 
A good example of this was provided by two daughters of the 
scrub cow No. 53 and by the Guernsey bull Rouge I I ’s Son.
These animals, though full sisters, varied widely in appear­
ance, as can be seen from the illustrations, and even more widely 
in production. Even afte r correcting the records for the influ­
ence of age it was found that No. 180 produced on the average 
31% less milk and 23'/, less fa t than did her scrub dam, while
T A B L E  X IV . D A U G H T E R S O F RO U G E II 'S  SON C O M PA R ED  TO 
T H E IR  SC R U B  DAMS
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31 7 3463.3 168.00 288 1 I 5905.1 333.86 70 100
53 7 5258.9 233.63 180 3 I 3639.0 180.53 —31 —23
53 7 5258.9 233.63 253 1 2 I 6555.0 321.09 25 37
58 3 3034.5 152.54 175 | 3 1 6286.1 322.71 107 112
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Fig . 23. S crub  Cow 
No. 53. A verage  p ro ­
d u c tio n  5258.9 lbs. of 
m ilk  an d  233.63 lbs. of 
fa t.
F ig . 24. H alf-b lood  
G uernsey  No. 180, o u t 
of S crub  No. 53 and  
by Im p. R ouge IP s  
Son. A verage  p ro d u c ­
tio n  3639.0 lbs. of m ilk  
an d  180.53 lbs. of fa t.
F ig . 25. H alf-b lood  
G uernsey  No. 253, o u t 
of S crub  No. 53 and  
by Im p. R ouge IPs 
Son. A v erag e  p ro d u c ­
tion  6555.0 lbs. of m ilk  
an d  321.09 lbs. of fa t.
No. 253, the full sister of No. 180, produced 25% more milk 
and 37% more bu tterfa t than did her dam. This indicates that 
a knowledge of the breeding of an animal does not always fore-
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T A B L E  XV. CO M PA RISO N  O F TW O  G U E R N S E Y  B U L L S
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tell exactly what the productive ability will be. There are in­
dividual variations in production which are beyond control.
The instance here cited of the variation in the ability of two 
fu ll sisters to produce milk and butterfat, denotes the importance 
of selection in the development of a high producing dairy herd. 
So long as animals of the same or even of similar breeding con­
tinue to exhibit this variability in production, the factor of se­
lection must enter into the building up of the dairy herd. The 
guidance offered by this experiment indicates that this factor 
becomes decreasingly im portant as the breeding of the herd im­
proves altho it is at all times im perative if high individual abil­
ity of the cows comprising the herd is to be the goal.
T A B L E  X V I. PR O D U C TIO N  O F A SC R U B  CO W  A N D  H E R  TW O  G RA D E 
G U E R N SE Y  D A U G H TE R S
Cow
No. of A verage  p rodu c tio n In c re a se  in p ro d u c tio n
la c ta tio n s  „, M ilk lbs. F a t  lbs. M ilk % F a t  %
S crub  No. 
H alf-b lood  
H alf-b lood
53
G uernsey
G uernsey
No.
No.
180
253
7 1 5258.9 
3 | 3639.0 
2 | 6555.0
233.63
180.53
321.09
—3i 
25
—23
37
BIBLIOGRAPHY
1. Doane, C. F. The Influence of Feed and Care on the Individuality of
Cows. Bull. Md. Ag. Exp. Sta. 69. 1900.
2. Eckles, C. H. Dairy Cattle and Milk Production. 1911.
3. Kildee, H. H. and A. C. McCandlish. Influence of Environment and
Breeding in Increasing Dairy Production. Bull. Ia. Ag. Expt. Sta. 
165. 1916.
4. Roberts, I. P. Sundry Investigations of the Year. Bull. Cornell Ag.
Exp. Sta. 49. 1892.
5 Wing, H. and J. A. Foord. Record of ail Attempt to Increase the Fat 
in Milk by Means of Liberal Feeding. Bull. Cornell Ag. Exp. Sta. 
222. 1904.
27
McCandlish et al.: Influence of environment and breeding in increasing dairy product
Published by Iowa State University Digital Repository, 1919
88
APPENDIX  
Y EA R LY  REC O R D S O F A L L  COW S
O rig inal A rk a n sa s
Cow
No.
Age
y rs.
M ilk
lbs.
F a t
lbs.
6 4 2742.1 131.04
a 4629.2 204.36
6 5071.6 231.55
7 5556.7 244.79
8 4958.9 229.08
9 2590.8 106.23
10 1732.5 69.67
11 2296.2 95.83
7 2425.4
2408.2
2265.0
139.49
135.33
139.79
8 2603.6 
1502.1
2912.7
141.73
76.56
154.77
9 3647.6 
3237.2
1272.6
180.70
148.78
57.29
12 5362.0
2847.0
252.35
134.33
4031 5 193.07
81 4 3427.0 167.43
o 3339.6 153.58
6 4164.5 204.02
7 4258.6 215.02
8 3489.0 166.10
9 1391.7 63.28
10 3992.4 197.73
33 4916.0
4375.6
3723.8
204.91 
182.4S 
163.07
H o ls te in -A rk a n sa s
Cow
No.
A ge
y rs.
M ilk
lbs.
F a t
lbs.
68 2 4765.9 193.50
4 4481.3 172.78
5 4865.3 215.10
69 2 5087.8 217.86
3 5074.9 215.00
4 6822.8 283.75
D 6043.9 252.61
6 7946.4 334.01
77 1 5154.2 202.912 4217.2 170.92
3 6398.7 247.72
4 8689.3 321.31
5 7028.3 266.06
6 5395.3 198.28
207 1 5137.7 251.852 5128.8 246.94
3 4593.5 208.58
H o ls te in -H o ls te in -A rk a n sa s
233 1 1 1 8181.0 309.11
1 3 I 11833.1 444.97
281 I 2 | 6217.3 236.09
J e rs e y -A rk a n sa s
Cow 1 Age j M ilk F a t
No. 1 y rs . I lbs. lbs.
174 1 2 I 4232.2 236.241 3 I 3053.9 163.04
1 4 1 5836.7 288.86
213 1 2 1 4111.3 225.20
! 3 1 3670.2 184.22i 4 1 4354.4 235.53
241 1 2 1 4901.1 279.18
D eveloped A rk a n sa s
Cow A ge M ilk F a t
No. y rs. lbs. lbs.
52 3 4047.8 189.21
4 4108.7 196.61
5 3547.3 163.03
6 3917.0 172.86
7 2929.2 123.77
8 4588.4 201.67
9 2126.9 93.21
53 3 5682.4 267.15
4 2706.6 119.32
5 4938.7 217.12
6 5715.5 248.46
7 6442.0 275.14
8 6680.5 302.99
9 3499.7 151.84
54 3 4803.5 211.42
56 3 3954.4 188.20
4 4975.0 253.13
5 1734.6 90.22
5S 2 2183.7 116.79
3 3028.6 149.95
4 2670.2 128.46
59 2 2997.5 143.83
60 2 3054.1 170.61
3 3534.3 190.29
4 2946.8 159.08
5 2855.5 155.62
6 1988.8 106.09
7 3957.4 204.54
G u e rn se y -A rk a n sa s
Cow A ge M ilk F a t
No. y rs . lbs. lbs.
87 2 4286.8 193.59
3 3091.4 130.73
4 3295.9 131.41
5 4387.5 184.77
110 2 4467.3 197.96
3 1329.8 51.78
4 4099.0 171.75
175 2 6078.5 310.95
3 4231.9 219.72
5 6281.4 320.95
180 2 3651.7 176.31
3 3177.4 163.82
4 2483.6 122.04
253 2 5091.2 247.80
3 5734.0 282.56
288 2 4724.1 267.09
G u ern sey -G u ern se y -A rk an sas
236 2 5266.1 264.89
298 2 4030.0 216.44
Je rs e y  - Je rs e y -  A rk a n sa s
245 1 3788.0 201.00
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